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Abstract 
Splenitis is uncommonly reported in dogs. Herein, we describe its prevalence, clinical 
findings and outcome, histological patterns, and causes. Splenic samples of dogs 
diagnosed with splenitis between 2005-2013 were collected and stained with 
hematoxylin-eosin, Gram, green-Gram, Giemsa, periodic acid-Schiff (PAS), and 
Ziehl-Neelsen. Samples were processed for PCR to detect bacteria (16s rRNA), fungi 
(ITSs), and protozoa (Leishmania infantum, Hepatozoon canis). Thirty-three (5%) of 
660 splenic samples had splenitis. Clinical findings and outcome were available in 19 
dogs (57.6%); 48.5% had weakness, 33.3% fever, and 84.2% survived. The most 
frequent inflammatory patterns included purulent splenitis (27.3%), 
pyogranulomatous splenitis (24.2%), and neutrophilic perisplenitis (15.1%). One dog 
had a putative diagnosis of primary splenitis; in 8, PCR or histology identified 
microorganisms in the spleen without obvious comorbidities. Twenty-four dogs 
(72.7%) had concurrent diseases; a permissive role in the development of splenitis 
was suspected in 21 cases. Histology identified the cause of splenitis in 10 dogs; in 
23, bacteria were identified by PCR but in only 6 with histology. Leishmania was 
detected with PCR in 6 dogs. Histology identified Leishmania in one dog and 
Hepatozoon canis in another, but both were PCR-negative. Fungi were identified in 8 
spleens by PCR and in one by histology. This study suggests that splenitis is 
uncommon in dogs and is frequently associated with systemic diseases. Prognosis is 
favorable in most cases. Identification of bacteria, fungi, and protozoa in the spleen 
of affected dogs with PCR should be interpreted cautiously because histology does 
not confirm infection in many cases. 
Keywords 
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Introduction 
The spleen is a secondary lymphoid organ as are lymph nodes and mucosa-
associated lymphoid tissues (MALT). It is formed by the red and white pulp; the first, 
harbors numerous macrophages and dendritic cells that are part of the 
reticuloendothelial system, whereas the latter B and T lymphocytes. Both take part in 
the immune response and react to several pathologic insults, ranging from infectious 
to neoplastic diseases.50 Non-neoplastic diseases of the spleen are commonly 
described in dogs; based on the current literature, their prevalence among all splenic 
diseases, ranges from 35 to 70%.6,9,10,19,46 Amyloidosis, congestions, hemorrhages, 
hematomas, hyperplastic and low grade fibrohistiocytic nodules, infarctions, necrosis, 
siderotic plaques, splenitis, thrombosis, torsions, and traumatic ruptures are included 
among non-neoplastic disorders.46 
Splenitis is an inflammatory process of the splenic parenchyma that is uncommon in 
dogs. Survey studies of splenic diseases in this species have reported a prevalence 
of splenitis ranging from 0.9% to 8%.6,19 Among its causes, splenitis was described in 
only single case reports associated with fungal,2,4,13,24,33,44,45,51 protozoan,3,17,28,38 or 
bacterial infections.1,2,5,11,16,30,39,41,47 
The cases related to fungal infections, invariably had poor prognosis. In these dogs, 
necropsy identified splenomegaly and multiple foci of necrosis while histology 
documented pyogranulomatous inflammation, multinucleated giant cells and, in some 
cases, fungal hyphae. Fungi that have been identified in dogs with splenitis are 
Monocillium indicum,24 Scedosporium prolificans,13 Scopulariopsis chartarum,51 
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Aspergillus terreus,33 Cryptococcus neoformans,7 Candida albicans,4 Ochroconis 
gallopavum,45 Xylohypha bantiana,42 and Acremonium spp.44  
The protozoa identified in dogs with splenitis include Neospora caninum,17 
Hepatozoon canis,3,15 Trypanosoma cruzi,28 and Leishmania chagasi.35,38,49 
Leishmania chagasi and Leishmania infantum, responsible of leishmaniasis in the 
New and Old World respectively, are considered genomically indistinguishable and 
therefore synonymous.55 Lesions of the spleen of dogs with leishmaniasis are 
characterized by thickening of trabecular regions, granulomatous reaction and 
hemorrhagic areas, atrophy of lymphoid follicles and marginal zone, abundant 
macrophages with amastigotes in the cytoplasm, and perisplenitis.35,38,49  
Considering bacterial splenitis, dogs with Staphylococcus spp.,1 Mycobacterium 
avium and tuberculosis,5,16,25,30 Listeria monocytogenes,41 Bartonella henselae and 
vinsonii,39 Clostridium spp.,2 Bacillus antracis,26 Burkholderia pseudomallei,47 and 
multiple bacterial infection10 have been described; in these cases, inflammation of the 
spleen based on histology is generally pyogranulomatous5,39 or neutrophilic.2 Splenic 
abscesses, likely due to bacteria, have been described in some dogs.1,9,11 
Interestingly, in one study it was shown that 35% of surgically-excised spleens were 
positive for bacterial culture, irrespective of the disease affecting the organ, and the 
most commonly identified bacteria include Staphylococcus spp., Enterococcus spp., 
and Klebsiella pyogenes.36 Prognosis for bacterial and protozoan splenitis is 
generally better than that of fungal origin, although it may vary according to the 
causative microorganism and individual factors. 
The aims of this study were to define the prevalence of splenitis in dogs, describe 
clinical findings and outcome, characterize histological patterns of splenic 
inflammation, and investigate possible causes.
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Materials and Methods 
Dogs, clinical data, and questionnaire 
Splenic biopsies of dogs collected at necropsy or at surgery after splenectomy and 
partially or entirely submitted to the Department of Comparative Biomedicine and 
Food Sciences of the University of Padua between 2005 and 2013 with a histologic 
diagnosis of splenitis were retrieved from archives and included in the study. Age, 
sex, breed, and clinical data of affected dogs were recorded. Due to the retrospective 
nature of the study and because most dogs were not admitted at the authors’ 
institutions, clinical data were often incomplete or entirely missing. Owners were 
therefore contacted to retrieve further information. In particular, a telephone-based 
questionnaire was proposed, with the following questions: i) what clinical signs did 
the dog present at admission?; ii) was the dog affected by other diseases?; iii) what 
was the final diagnosis, other than splenitis?; iv) what was the treatment of the dog 
after splenectomy?; v) how long did the dog survive following surgery?  
 
Histology 
From each paraffin-embedded splenic sample previously fixed in 10% neutral-
buffered formalin, 6 consecutive sections of 4 µm were obtained and mounted on 
slides. The first section was stained with hematoxylin and eosin, and the others were 
stained with Giemsa, and/or periodic acid-Schiff (PAS), Ziehl-Neelsen, Gram, and 
green-Gram. All sections were mounted onto labeled glass slides with Eukitt (Bio-
Optica, Milan, Italy). Sections were evaluated by light microscopy (Olympus BX-40, 
Milan, Italy) and findings were classified according to the type and localization of 
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inflammation documented, as described in Supplemental Table 1. Tissue sections 
were also examined to identify bacteria, protozoa, or fungi. All slides were assessed 
by two pathologists (SF, MC) and any difference in diagnosis was resolved by 
consensus. 
 
Staining procedures 
Hematoxylin-eosin 
Slides were stained for 7 min in hematoxylin (Merk Millipore, Darmstadt, Germany) 
and then were rinsed in running water for 5 min; after that, they were stained in eosin 
(Bio-Optica, Milan, Italy) for 1 min and dehydrated using alcohol solutions of 
increasing concentrations (50%, 70%, 90%, and 100%) and xylene. 
 
Giemsa 
The staining solution was prepared using 2.4 ml of citric acid 0.1 M (Sigma-Aldrich, 
Milan, Italy), 1.6 ml of 0.1 M disodium phosphate (Sigma-Aldrich, Milan, Italy), 10 ml 
of Giemsa solution (Sigma-Aldrich, Milan, Italy), and deionized water. Slides were 
placed in this solution for 60 min, rapidly decolored with acetone, and placed in a 
50% acetone-xylene solution and then xylene only. 
 
Periodic acid-Schiff (PAS) 
Slides were treated with 1% periodic acid (Sigma-Aldrich, Milan, Italy) for 10 min, 
rinsed in distilled water, and Schiff reagent (Labochimica, Padua, Italy) was added for 
20 min. Sections were rinsed with running water and colored with Mayer’s 
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hematoxylin (Merk Millipore, Darmstadt, Germany) for 2 min and then rinsed again. 
The final step was dehydration using graded alcohol solutions. 
 
Ziehl-Neelsen 
Ten drops of periodic acid (Sigma-Aldrich, Milan, Italy) were added to tissue slices for 
10 min and then rinsed with distilled water. The procedure was repeated using 10 
drops of carbol-fuchsin (Merk Millipore, Darmstadt, Germany) for 30 min, 10 drops of 
acid buffer (Carlo Erba, Milan, Italy) of differentiation for 1 min, and 10 drops of 
Mayer hematoxylin (Merk Millipore, Darmstadt, Germany) for 2 min; between each 
step, slides were rinsed with distilled water. 
 
Gram 
Crystal violet staining (Sigma-Aldrich, Milan, Italy) was added to sections for 1 min, 
and, after rinsing, the procedure was repeated with Lugol solution (Sigma-Aldrich, 
Milan, Italy). Sections were then treated with acetone followed by safranin (Sigma-
Aldrich, Milan, Italy). Slides were stained using basic fuchsin (Merk Millipore, 
Darmstadt, Germany) and then placed in acetone and acetone-picric acid solutions 
(Carlo Erba, Milan, Italy). 
 
Green-Gram 
Hucker-Conn solution (Sigma-Aldrich, Milan, Italy) was added to slides, followed by 
Langeron solutions (Sigma-Aldrich, Milan, Italy). The sections were then decolored 
with acetone (Sigma-Aldrich, Milan, Italy), colored with fast green safranin (Sigma-
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Aldrich, Milan, Italy), rinsed with 100% ethanol (Sigma-Aldrich, Milan, Italy), placed in 
a 1% solution of acetic acid alcohol (Carlo Erba, Milan, Italy), and rinsed again with 
ethanol. 
 
DNA extraction 
Total DNA from splenic samples was purified using a commercial kit (NucleoSpin 
Tissue; Macherey-Nagel, Düren, Germany) according to the manufacturer’s 
instructions. Briefly, 2 slices of 10 µm of paraffin-embedded splenic biopsies were 
mixed with xylene, then ethanol, and the supernatant was then removed. The 
preparation was added to 180 µl of T1 buffer and 25 µl of proteinase K; the solution 
obtained was centrifuged and incubated at 56°C. Subsequently, 200 µl of B3 buffer 
were added and the solution was incubated at 70°C. 200 µl of ethanol were added 
and the solution was loaded on a NucleoSpin Tissue (Macherey-Nagel, Düren, 
Germany) column. Two washes were performed using 500 µl of BW and B5 washing 
buffers. Last, 50 µl of BE buffer preheated to 70°C was used to collect the purified 
DNA, separating it from the filter in the column. To assess the quality of DNA, 
solutions were checked with a spectrophotometer at 230, 260, 280 and 320 nm. 
For genetic identification of fungi and bacteria, DNA was prepared from paraffin 
slices using a previously established protocol followed by column purification using 
the High pure PCR purification kit (Roche Diagnostics, Rotkreuz, Switzerland).27 
 
PCR and sequencing 
PCR was used to assess the presence of microorganism in the spleen. Protocols 
used for bacterial and protozoan infections have been previously established, 
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whereas 20,21,31 the protocol for fungal PCRs was as follows: 15 min of denaturation at 
95°C, 40 cycles of 94°C for 1 min, 51°C for 1 min, and 72°C for 1 min, and a 10 min 
final extension at 72°C. Amplified ribosomal DNA restriction analysis (ARDRA) was 
used to amplify the 16S rRNA of bacteria. Identification of bacteria was performed on 
a ~310 bp fragment of the 16S rRNA gene using primers 16SUNI-L and 16SRNAV-S 
and sequencing was performed according to a previously established protocol.20 
Fungal internal transcribed spacer (ITSs), highly conserved RNA sequences located 
between two areas of ribosomal RNA, were amplified to detect the presence of 
mycotic agents.14 In addition, identification of fungi was performed on a ~330 bp 
fragment of the internal transcribed spacer region 2 using primers ITS3 and ITS4.34  
For protozoa, the analysis was performed to identify Leishmania infantum and 
Hepatozoon spp. The target sequence for Leishmania was LT1 of the conserved 
region of the circular kDNA; the primers used were RV1 (forward, 5’-
CTTTTCTGGTCCCGCGGGTAGG-3’) and RV2 (reverse, 5’-
CCACCTGGCCTATTTTACACCA-3’), with a reported sensitivity of 100% in detecting 
Leishmania infections.21 To detect the presence of Hepatozoon spp., a partial 
sequence of 18S rRNA, common to different species of Hepatozoon, was amplified. 
The primers used were HepF (forward, 5’-ATACATGAGCAAAATCTAAC-3’) and 
HepR (reverse, 5’-CTTATTCCATGCTGCAG-3’).31 
All PCR products were submitted to electrophoresis in an 0.8% agarose gel and 
stained with ethidium bromide; an ultraviolet transilluminator was used to visualize 
the different bands. 
 
Immunohistochemistry 
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A monoclonal mouse anti-KMP11 antibody (dilution 1:300; Abcam, Cambridge, UK) 
was used to confirm the presence of Leishmania infantum in all PCR positive spleens 
to investigate the role of Leishmania in the pathogenesis of splenitis. Sections were 
incubated with the antibody for 24 min at room temperature. A canine splenic biopsy 
specimen previously proven to have Leishmania spp. amastigotes in macrophages 
served as a positive control. Immunohistochemistry was performed with an automatic 
immunostainer (Ventana Benchmark XT; Roche-Diagnostics, Monza, Italy) using a 
secondary antibody with a horseradish peroxidase (HRP)-conjugated polymer 
(ultraViews Universal DAB; Ventana Medical Systems, Tucson, AZ).
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Results 
Dogs, clinical data, and questionnaire 
Thirty-three dogs were included in the study with a median age of 8.5 years (range: 
2−15). Seventeen dogs were intact males (51.5%), 7 intact females (21.2%), 6 
spayed females (18.2%), and 2 neutered males (6.0%); sex was unknown in the 
remaining dog. Ten dogs were mixed breed (30.3%) and 23 were pure breed dogs 
(69.7%), including 6 German Shepherds (18.2%), 2 each Great Dane (6.0%), Italian 
Hound (6.0%), Boxer (6.0%), Rottweiler (6.0%), and Labrador Retriever (6.0%), and 
1 each English Bulldog (3.0%), English Setter (3.0%), Dachsbrake (3.0%), Griffon 
(3.0%), Airdale Terrier (3.0%), Doberman (3.0%), and Doberman Pinscher (3.0%). 
According to the available clinical data and questionnaires, presenting complaints at 
the time of splenectomy or necropsy were known for 28 dogs. Severe and acute 
weakness was observed in 16 dogs (48.5%), hyperthermia in 11 (33.3%), weight loss 
in 6 (18.2%), and painful abdomen and vomiting in 4 (12.1%). Twenty-five animals 
underwent abdominal ultrasound that identified a splenic mass or nodules in 14 dogs 
(56.0%), peritoneal effusion in 8 (32.0%) consistent with purulent peritoneal exudate 
in 2, an altered echotexture of the spleen or a non-splenic abdominal mass in 4 each 
(16.0%), pyometra or endometritis, splenic torsion or testicular nodule in 3 dogs each 
(12.0%), portal vein and splenic vein thrombosis, prostatic nodules, hepatomegaly, 
and hypoechoic hepatic nodules in 1 dog each (4.0%). Twelve dogs presented more 
than one ultrasonographic alteration. In the remaining dogs, abdominal ultrasound 
was not performed because physical examination allowed diagnosis of gastric 
dilation-volvulus or an abdominal mass was palpated. 
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Among the 33 dogs, 24 (72.7%) were diagnosed with an additional non-splenic 
disease, including 8 (24.2%) with peritoneal effusion, 6 (18.2%) with neoplastic 
diseases (1 dog each with peritoneal hemangiosarcoma, testicular seminoma, 
fibrohistiocytic nodule, hepatic cystadenoma with concurrent testicular seminoma, 
metastatic mammary carcinoma, and hepatocellular carcinoma), 5 (15.1%) with 
gastric dilatation-volvulus, 3 (9.0%) with pyometra or endometritis, 3 (9.0%) with 
splenic torsions, 2 (6.0%) with granulomatous hepatitis (in 1 case due to 
leishmaniasis), 1 (3.0%) each with idiopathic hepatic lobar torsion, gastric ulcer, 
systemic fungal infection, immune-mediated hemolytic anemia, recent trauma, 
hemorrhagic gastroenteritis, colangio-hepatitis, and portal vein thrombosis. Eight 
dogs were concurrently affected by more diseases and 9 dogs (27.3%) did not show 
any disease other than splenitis. 
Information on outcome was available for 19 dogs. The dog with systemic mycosis 
died a few days after admission and histological examination was performed as part 
of necropsy. The remaining 18 dogs underwent surgery and were then treated with 
different antibiotics; 16 (88.9%) survived to discharge, and 2 (11.1%) died during 
hospitalization because of surgical complications at 7 and 40 days after surgery, 
respectively. Of the 16 surviving dogs, 6 (37.5%) are still alive at the time of writing 
and 10 (62.5%) died because of causes unrelated to splenitis, with a median survival 
of 2.5 years (range: 1−3.5). 
 
Histology 
The 33 cases of splenitis included in the analysis were classified histologically 
according to the criteria reported in Supplemental Table 1. In particular, 9 (27.3%) 
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dogs had purulent splenitis (figure 1), 8 (24.2%) pyogranulomatous splenitis (figure 
2), 5 (15.1%) neutrophilic perisplenitis (figure 3), 4 (12.1%) neutrophilic perisplenitis 
and splenitis, 3 (9.0%) granulomatous splenitis (figure 4), 2 (6.0%) neutrophilic 
splenitis (figure 5), and 1 dog each (3.0%) with fibrin-suppurative perisplenitis and 
splenitis, and fibrin-suppurative perisplenitis (figure 6). In 1 dog affected by purulent 
splenitis and in 1 affected by pyogranulomatous splenitis, a splenic abscess was 
identified. 
Of the 9 dogs with purulent splenitis, 6 yielded positive results with Gram staining 
(66.6%) (figure 1); in particular, it was possible to identify Gram-positive cocci in 3, 
Gram-negative cocci, concurrent Gram-positive cocci and bacilli, and concurrent 
Gram-negative and positive cocci in 1 dog each.  
Among the 8 cases of pyogranulomatous splenitis, it was possible to identify meronts 
of Hepatozoon canis in 1 dog (figure 7a and figure 7b) and intra- and extra-cellular 
material compatible with exogenous material in another dog (figure 8). Among the 3 
cases of granulomatous splenitis, it was possible to identify amastigotes of 
Leishmania infantum (figure 9) and fungal hyphae in 1 dog each (figure 10). 
In total, 11 dogs presented histological signs of altered splenic circulation consistent 
with splenic hemorrhage, splenic hemotomas, splenic vein thromobosis, and splenic 
torsion; in particular, 4 dogs with neutrophilic perisplenitis and splenitis, 3 dogs with 
neutrophilic perisplenitis, 1 dog each with fibrinsuppurative perisplenitis and splenitis, 
granulomatous splenitis, fibrinsuppurative perisplenitis, and pyogranulomatous 
splenitis.  
Twenty-four splenic samples yielded negative results for infectious agents at 
microscopic examination. 
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PCR 
Twenty-three dogs had positive results for bacterial DNA amplification (Supplemental 
Table 2); Pseudomonas spp. DNA was identified in 19 dogs, Propionibacterium spp. 
and Clostridium hemolyticum in 1 dog each, and mixed bacterial population in 2 
dogs. Among these 23 dogs, histological diagnosis was consistent with neutrophilic 
or purulent-suppurative perisplenitis and splenitis in 13 dogs (56.5%), and 
granulomatous or pyogranulomatous splenitis in 9 dogs (39.1%); the 2 remaining 
dogs had fibrin-suppurative inflammation (8.7%). 
Based on histology, bacterial infection was confirmed in only 3 of these 23 dogs: in 
particular, 1 Great Dane affected by gastric dilation-volvulus resulted positive for 
mixed bacterial infection at PCR analysis and histology identified Gram positive 
cocci, 1 Griffon with purulent peritoneal exudate and free abdominal gas presented 
Clostridium haemolyticum at PCR analysis while histology identified cocci and, 
finally, 1 Doberman Pinscher affected by endometritis resulted positive for 
Pseudomonas spp. infection at PCR analysis and histology identified concurrent 
Gram positive and negative cocci. 
Of the 19 Pseudomonas spp. DNA-positive dogs, 8 resulted positive for a concurrent 
infection based on PCR analysis or histology: 4 dogs to Leishmania infantum and 4 
to fungal infection (Cryptococcus spp. in 2 dogs, Cladosporium spp. and Rasamsonia 
argillacea in 1 dog each). One of the 2 dogs with mixed DNA bacterial population 
resulted positive for Exophiala xenobiotica DNA amplification. The DNA of 
Truncatella angustata, Bipolaris cynodontis and 1 not-previously cultured fungus 
were isolated in 1 dog each. 
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Overall, fungal DNA was amplified in 8 dogs (24.2%) and the corresponding 
histological diagnosis was consistent with purulent splenitis in 4, with granulomatous 
or pyogranulomatous splenitis in 3, and with neutrophilic perisplenitis in 1. 
Six dogs (18.2%) were positive for Leishmania infantum DNA; 4 presented a 
concurrent infection. PCR identified Pseudomonas spp. DNA in 3 dogs and 
Cladosporium spp. in 1; histology identified Gram-positive cocci in 1 dog. The 
histological diagnosis suggested a neutrophilic perisplenitis in 2 dogs, and 
neutrophilic perisplenitis and splenitis, purulent splenitis, fibrin-suppurative, and 
pyogranulomatous splenitis in 1 dog each. None of these dogs was positive at 
immunohistochemistry for Leishmania infantum infection, and it was not possible to 
identify Leishmania infantum amastigotes at histological examination. 
None of the dogs yielded positive results for Hepatozoon spp. using PCR.
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Discussion 
To the authors’ knowledge, this is the first comprehensive study on splenitis in dogs, 
a disease that has been scantly described so far. In the present series, 33 dogs had 
a histological diagnosis of splenitis, representing 5% of all submitted spleens. This 
prevalence is similar to that previously described by other authors and confirms that 
splenitis is uncommon in dogs.6,19 Clinical and diagnostic findings of splenitis are 
unspecific or related to the associated disease and, therefore, its diagnosis relies 
upon histology. 
Only 1 dog (3%) of the present series had no concurrent systemic disease along with 
splenitis and yielded negative results in all tests. Hence, the dog had a tentative 
diagnosis of primary splenitis. In 8 other dogs, although no obvious systemic disease 
was present, PCR and histology identified bacterial, fungal, or protozoan infection of 
the spleen. Indeed, in these dogs, PCR amplified Pseudomonas spp., a not 
previously cultured fungus, Cladosporium spp. or Leishmania infantum and histology 
allowed for observation of meronts of Hepatozoon canis. The actual role of the above 
microorganisms in the pathogenesis of splenitis remains unclear because systemic 
involvement was not identified. Thus, it cannot be excluded that in some the 
microorganism merely represented a passive bystander or contaminant, rather than 
the cause of splenitis. 
Concurrent diseases were very frequent, being present in 24 cases (72.7%). For 
most, an explanation for splenitis was deemed possible. Six dogs had neoplastic 
diseases and might be considered to play a causative role in the development of 
splenitis. For instance, hemangiosarcoma and mammary adenocarcinoma have been 
shown to predispose towards thrombosis and to alter vascular anatomy, possibly 
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favoring bacterial engraftment.22 In the present series, 2 dogs had these tumors and 
both had vascular splenic lesions detected together with splenitis. Two other dogs 
had a liver neoplasia; hepatic tumors have been sometimes associated with liver 
abscesses in dogs, likely due to increased tissue susceptibility to bacterial growth, 
which in turn might cause bacteremia and subsequent splenitis.43 Five dogs 
presented gastric dilation-volvulus and all had splenitis along with splenic vascular 
abnormalities. We hypothesize that in these cases, as gastric dilatation-volvulus 
develops, normal splenic vascularity and blood supply is progressively compromised, 
thus generating splenic inflammation. In addition, bacterial translocation from the gut, 
which is observed in up to 43% of cases with gastric dilatation-volvulus,52 might have 
had a primary role in the establishment of splenitis. In addition, splenic inflammation 
was likely associated with bacterial translocation in the 6 dogs affected by pyometra, 
endometritis, hemorrhagic gastroenteritis, gastric ulcer, purulent peritoneal effusion, 
and hepatic lobar torsion. Propionibacterium spp. DNA was amplified in 1 dog 
affected by pyometra; this bacterium has been previously associated with pyometra 
in a woman and was shown to translocate into the bloodstream in healthy dogs 
undergoing ovariohisterectomy.8,53 It is remarkable that the blood reaching the spleen 
originates only from the arterial supply of the systemic circulation (i.e. splenic artery) 
and, differently from the liver, no venous blood from the gastrointestinal tract directly 
flows through the organ in dogs; hence, if pathogens translocate from the gut, to 
reach the spleen and cause splenitis they have to pass the liver, lungs, heart and 
eventually reach the systemic circulation.57 
One dog presented laboratory signs compatible with intravascular hemolysis. This 
dog had a splenic torsion and was PCR-positive for Leishmania infantum; both 
conditions might have triggered splenitis due to altered vascularity and blood supply 
19 
 
or activation of the reticuloendothelial system, and likely caused anemia.32,40 Five 
other dogs had granulomatous hepatitis with Leishmania infantum amastigotes or 
Pseudomonas spp., exogenous material, systemic Rasamsonia argillacea, and 
abdominal trauma; all of these conditions might have led to splenitis. A clear 
association between the concurrent disease and splenitis was not evident in only 3 
dogs.  
Histology allowed identification of the potential cause of splenitis in 10 dogs. 
Specifically, in 4 with pyogranulomatous or gramulomatous splenitis some 
exogenous material, fungal hyphae, Hepatozoon canis, and Leishmania infantum 
were identified. It is interesting to note that of the latter 3, PCR yielded Rasamsonia 
argillacea in the dog affected by systemic mycosis, whereas in the other 2 it did not 
amplify Hepatozoon canis or Leishmania infantum DNA. Searching for the 2 protozoa 
failed, probably because of the paucity of microorganisms in the sample. In 6 dogs 
with purulent splenitis, histology identified bacteria. Only 3 had bacterial DNA 
amplified with PCR, including 1 each with Pseudomonas spp., Clostridium 
haemolyticum, and a mixed population. In the remaining 23 dogs, showing a variety 
of histological patterns, no obvious cause was documented within the splenic 
parenchyma at microscopy. Therefore, based on these findings, histology is able to 
identify the cause of splenitis in only about one-third of cases. 
Conversely, PCR amplified bacterial DNA in 23 dogs, but bacteria were observed by 
histology in only 3 cases, as already mentioned. It is therefore possible that PCR 
performed on paraffin-embedded splenic samples leads to various positive results 
due to its elevated sensitivity. However, some of the positive results might have been 
due to contamination of samples with environmental bacteria or to the presence of 
DNA fragments within macrophages and other cells of the spleen. The fact that 3 
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dogs had splenic bacteria based on histology, but not PCR, indicates that false-
negative results can occur with the latter. It is possible that DNA damage caused by 
formalin fixation and paraffin embedding of samples also reduced the sensitivity of 
the assay. With regards to mycosis, in 8 dogs fungal DNA was found by PCR, but the 
presence of hyphae was confirmed by histology in only 1 case; the large majority (i.e. 
7 of 8) presented neutrophilic or pyogranulomatous splenitis. The explanation for 
false positive or false negative PCR results for fungal infection is likely similar to 
those previously reported for bacteria. Concerning Rasamsonia argillacea, it is worth 
noting that this fungus is considered an emerging pathogen in humans, causing 
chronic granulomatous disease and cystic fibrosis.23,48 Rasamsonia argillacea has 
been reported in only 2 dogs to date.12,37 Other fungi identified in the present series 
were Bipolaris cynodontis, Cladosporium spp., Cryptococcus spp., Exophiala 
xenobiotica, Truncatella angustata, and an uncharacterized fungus. Among those 
that have never been described in dogs, Bipolaris cynodontis is a dematiaceous 
hyphomycetes widely diffuse in soil and normally associated with plant infection. It 
was recently associated with clinical disease in humans.29 Exophiala xenobiotica is 
an opportunistic fungus responsible for phaeohyphomycosis, in particular in immune 
compromised humans.54 Truncatella angustata is a coelomycetous fungus, recently 
reported to cause subcutaneous infection in an immune-competent man.18 Since 
none has been reported in dogs, it cannot be excluded that they resulted from 
contamination of samples. 
In relation to protozoa and PCR, 6 dogs yielded amplification of Leishmania infantum 
DNA and histological diagnosis was neutrophilic splenitis and perisplenitis in 3 cases, 
and fibrin-suppurative perisplenitis and splenitis, pyogranulomatous splenitis, and 
purulent splenitis with visible bacteria in 1 dog each. Except for the last case, similar 
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histological findings have been described in previous studies.35,38,49 It is noteworthy 
that all PCR-positive dogs gave negative results with immunohistochemistry. It is 
thus possible that some splenic macrophages had phagocyted DNA fragments, but 
that intact amastigotes were not detectable. The amplification methods used with 
PCR allow to obtain positive results with very small amounts of DNA, while this is not 
achievable by means of immunohistochemistry. Therefore, sensitivity of the former is 
expected to be superior, as demonstrated in a study that compared PCR and 
immunohistochemistry on paraffin-embedded canine skin biopsies for diagnosing 
leishmaniasis; the former yielded a sensitivity of 82.8% whereas the latter 62.1%.56 
None of the dogs was Hepatozoon canis-positive with PCR. The single dog with 
Hepatozoon canis based on histology did not display obvious clinical signs, perhaps 
because of the low parasitic burden. 
In 19 dogs it was possible to collect data on outcome. Of these, 84.2% survived 
surgery and 36.8% are alive at the time of writing. The median survival of dogs that 
were followed-up until death was 2.5 years (range: 1−3.5); in these dogs, deaths 
were unrelated to the previous disease. The prognosis for dogs affected by splenitis 
can therefore be considered good. 
There are some limitations to the present study that need to be mentioned. Because 
of the retrospective nature of the investigation and the fact the cases came from 
different institutions, information gathered from available medical records were often 
incomplete. In addition, samples were retrieved from archives and prior 
contamination cannot be excluded. 
 
Conclusions 
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In conclusion, splenitis is an uncommon disease in dogs; clinical signs are vague and 
concurrent diseases that might predispose to splenic inflammation are generally 
present. Prognosis is favorable in the majority of cases. Identification of bacteria, 
fungi, and protozoa in the spleen of dogs with splenitis should be interpreted 
cautiously if PCR is used, since histology does not provide supportive evidence of 
infection in many cases. Furthermore, the histologic classification used in the present 
study is expected to be helpful for future investigations, either for clinicians or 
pathologists. 
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Figure legend 
Figures 1-6. Spleen, dog. Hematoxylin and Eosin. Figure 1. Purulent splenitis. 
Presence of a purulent infiltrate. Upper inset: Higher magnification of the infiltrate 
shows degenerated neutrophils and macrophages. Lower inset: blue-stained coccoid 
bacteria. GRAM. Figure 2. Pyogranulomatous splenitis. A granuloma with 
macrophages and neutrophils. Figure 3. Neutrophilic perisplenitis. The capsule is 
infiltrated by neutrophils and the mesothelium appears reactive and hyperplastic. 
Figure 4. Granulomatous splenitis. Nodular aggregate of macrophages, lymphocytes, 
and plasmacells. Inset: Higher magnification. Figure 5. Neutrophilic splenitis. 
Numerous non-degenerated, non-lytic neutrophils invade the splenic parenchyma. 
Figure 6. Fibrinous perisplenitis. Organized fibrin as pseudomembranous deposit on 
the capsular surface. 
 
Figures 7-10. Spleen, dog. Figure 7a. A round meront in the splenic parenchyma with  
“weehl spoke” arrangment of the merozoits. Hematoxylin and eosin (HE). Figure 7b. 
The merozoits stain strongly, and the capsule is negative. Periodic-acid Schiff (PAS). 
Figure 8. Crystalloid three-dimensional acellular material in the center of a 
pyogranuloma. Figure 9. Leishmaniosis. A granuloma composed of macrophages 
and lymphoplasmacytic infiltrate. The arrow shows some very small intracytoplasmic 
vacuoles containing amastigotes. HE. Inset: Immunolabeling of intracytoplasmic 
amastigotes in macrophages. Immunohistochemistry for KMP11. Figure 10. A 
granuloma containing numerous branching hyphae. PAS.  
 
